F ear of falling (FOF) is an important risk indicator for health-related outcomes and quality of life in patients with multiple sclerosis (MS). 1, 2 Fear of falling is described as a lasting concern about falling that leads to an individual avoiding activities he/she is capable of performing. 3 Therefore, researchers started exploring factors associated with FOF in order to include them in prevention and intervention programs. Most of these studies were conducted in older adults 4-7 and fewer were carried out for people with Parkinson disease. 8 Generally, several factors may contribute to FOF. A systematic review in 2008 7 found that a previous fall, female gender, and older age are among the risk factors for developing FOF in older adults. A recent review identified that FOF in older adults is multifactorial. 9 Variables of different domains in this review were associated with FOF, including: personal, motor, and nonmotor characteristics such as low physical functioning, poor health status, the use of walking assistive devices, history of falls, depression, anxiety, multiple drugs, and female gender. Other studies conducted to identify factors associated with FOF with older adults added insomnia, 4 difficulty rising from chair, balance problems, lower educational level, a higher BMI, 6 cognitive impairments, and difficulty performing activities of daily living. 5 When looking at other populations, different factors are expected to correlate with FOF depending on the nature of the disease. In people with Parkinson disease, a study found that walking difficulty, fatigue, and balance impairment are associated with FOF. 8 Given the multifactorial nature of FOF and considering the International Classification of Functioning, Disability and Health (ICF) model, 10 FOF can be the result of a complex interaction among contextual factors (environmental and personal), body functions, and body structures. This interaction would change by adding a disease or a disorder such as MS to the model. According to the American Academy of Neurology fall guidelines (2008), neurological disorders that affect gait and balance would increase the risk of falling and FOF. 11 One of the disabling neurological disorders that causes a wide spectrum of impairments and affects balance and gait is MS. The occurrence of falls in patients with MS is high and can lead to serious injuries. 12 Evidence suggests that a high proportion of these patients fall frequently. 12−15 Fear of falling is also common in people with MS, 2 with approximately 60% of them reporting that fear. 2 Fear of falling in this population can itself precipitate falls 1 and restrict participation in occupational and leisure activities. 2 Overall, evidence from other populations suggests that people who limit their activities as a result of FOF are at high risk of becoming fallers. 16 Restricting activities could also negatively affect the psychological status, mobility, and quality of life in this population. 17 Fear of falling, however, was reported to be amenable to exercise interventions. 18 Overall, the underlying contributing factors which could increase FOF in the MS population are not clearly understood. Deficits in the central nervous system's ability to regulate motor output could be a contributing factor. However, many motor and nonmotor associated changes can also contribute to this process. Among those are muscle weakness, 19 deficits in balance and postural control, 20 fatigue, 21 cognitive impairments, 22 sleep problems, 23 and depression. 24 The interrelationship between increased FOF and cognitive deficits in people with MS was evaluated in only one study. 25 To our knowledge, the interrelationship between increased FOF and the other impairments that are frequent in MS has not been reported.
Therefore, in this study we aimed to evaluate the factors associated with increased FOF in patients with MS. Based on the nature of MS disease and the established factors associated with FOF, our hypothesis states that FOF in people with MS is associated with motor, cognitive, and affective factors such as depression, fatigue, and sleep as well as with some personal characteristics, including age and gender. This objective is important considering the prevalence of FOF in this population 2 and its impact on restricting daily activities and reducing quality of life. 2 
Methods

Study Design and Participants
This is an observational cross-sectional design in which 70 participants with relapsing remitting MS were recruited into the study. Sequential patients with MS attending routine neurology clinics between January 2015 and October 2015 at King Abdulla University Hospital (KAUH) were screened for eligibility by a neurology consultant. Eligible participants were invited to participate in this study. In addition, brochures and adverts about the study were distributed through the Jordanian Multiple Sclerosis Society. Participants who were willing to participate were also screened for eligibility by a neurology consultant. Inclusion criteria were: (1) neurologist-confirmed diagnosis of relapsing-remitting MS according to the revised Mcdonald criteria 26 ; (2) ability to walk independently with or without walking aid; (3) no exacerbation of symptoms 30 days prior to completing testing; (4) age above 18 years; (5) capacity to give informed consent. Exclusion criteria were: (1) the presence of additional neurological disorders that may affect balance and gait (eg, head injury, stroke, vestibular dysfunction, peripheral neuropathy); (2) the presence of orthopedic conditions that may affect mobility; and (3) the presence of severe cognitive deficits or behavioral disorders preventing safe participation. All participants gave written informed consent approved by the Institutional Research Committees of Jordan University of Science and Technology (HK-1942014).
Assessment of Fear of Falling
The Falls Efficacy Scale−International (FES-I) is an appropriate measure of FOF. 1, 27 Although the 7-item FES-I total score was shown to have good validity in measuring FOF in people with MS, 1 both the 16-item and 7-item versions of the FES-I were found valid and valuable in assessing FOF in people with MS. 27 Only the 16-item but not the 7-item FES-I was validated in Arabic. 28 Thus, the Arabic version of the16-item FES-I was completed by all participants in this study. This scale assesses concern for falling while performing activities that range from basic (eg, getting dressed, getting in and out of a chair) to more physically demanding (eg, walking on a slope, going out to social events). Participants indicated their level of concern about falling while performing each activity on a 4-point scale, where 1 is "not con cerned at all" and 4 is "very concerned." 29 The total score out of 64 was used in which a higher score indicated an increased FOF. According to the FES-I score, the cutoff point of 20 can be used to classify participants into highly concerned of falling or slightly concerned (ie, participants with a score of 20 or more are considered to be highly fearful of falling). This cutoff point is based on receiver operating characteristics (ROC) curves used to determine fear of falling in elderly people. 30 
Procedure and Outcomes
According to our hypothesis, 4 main domains that included range of factors were selected for evaluation: personal, motor, cognitive, and affective. Motor factors included the 30-second chair stand test (30s-CST) 31 for the assessment of functional lower extremity strength, Berg Balance Scale (BBS) 32 to assess balance, the 10-Meter Walk Test (10MWT) 33 to record comfortable walking speed, and the 6-Minute Walk Test (6MWT), 34 which provided a measure of physical fitness. Cognitive status was determined using the Arabic version of the Montréal Cognitive Assessment (MOCA) total score 35, 36 and the Symbol Digit Modalities Test (SDMT). 37 Both cognitive tests are validated and frequently used with patients with MS. 36, 38 MOCA is a brief and comprehensive cognitive screening tool which is useful for detecting cognitive dysfunctions in patients with MS, even those with mild functional disability. 36, 38 The MOCA test is designed to assess 8 cognitive function domains, including attention and concentration, executive functions, memory, language, visuoconstructional skills, conceptual thinking, calculations, and time and place orientation. On the other hand, the SDMT provides a quick and reliable measure which evaluates attention and information processing speed.The SDMT is considered to be the most sensitive single cognitive test in patients with MS. 39 The use of SDMT in combination with the MOCA score is recommended, as this combination is found to lead to the strongest prediction of Expanded Disability Status Scale (EDSS) score. 39 The SDMT contains a key which consists of 2 rows, with symbols in the upper row and matched numbers in the lower row. 40 Participants were asked to quickly match numbers to corresponding symbols using the key; the scores that participants will be given include the number of symbols that are correctly identified during the 90-second test period and the total time needed to finish the whole task. 40 Although studies frequently use the first score (ie, number of correct symbols at 90 seconds), we were interested in this study to record the total time required to finish the task as another measure of speed of information processing.
Affective factors included depression, fatigue, and sleep. The Beck Depression Inventory II (BDI-II), a valid and reliable measure of depression, was used to assess depression status. 41, 42 The Modified Fatigue Impact scale (MFIS), a valid 21-item questionnaire, 43, 44 was used to evaluate fatigue. Sleep status was evaluated using the Pittsburgh Sleep Quality Index (PSQI). 45, 46 Additionally, personal data including age, gender, and education were collected. The EDSS 47 was conducted to determine the severity of the disease. All tests were administered in a standardized manner; order of tests was randomized between participants.
In addition to the above, data about falls were collected. Falls were defined as "landing on the ground or at some other level, such as a chair or bed." Responses to 2 questions ("Did you fall down in the past 12 months?" and, if yes, "How often do you estimate that you have fallen in the last 12 months?") were used to estimate the number and percentage of fallers (ie, participants who had fallen 2 or more times) versus nonfallers (ie, participants who reported no fall or one fall incident in the past 12 months).
Statistical Analysis
SPSS (version 19; Chicago, Illinois) was used for statistical analysis. Values were expressed in mean (SD). Data were visually assessed for normality using histograms and Q-Q plots. Additionally, data were checked for the presence of skewness, kurtosis, and outliers before proceeding to inferential analysis. The difference between fallers and nonfallers in FES-I was assessed using Student's independent t-test. Correlations between variables were explored using Spearman's correlation coefficients (ie, bivariate analysis). Generally, r values <0.10 are considered to be a small effect, >0.10 to <0.50 a moderate effect, and >0.50 a large effect. 48 Bonferroni corrections were used to reduce a possibility of type I errors resulting from multiple comparisons. For this purpose, the variables were divided into 4 sets: personal (n = 5), motor (n = 4), cognitive (n = 2), and affective (n = 3). For each set, the Bonferroni-corrected α was determined by dividing 0.05 by the number of variables in that set; eg, for the personal characteristics' set, the corrected α was 0.05/5 = 0.010.
Stepwise method of multiple linear regression was used to identify significant predictors for FES-I. Assumption of normality of distribution of the regression model was assessed before proceeding to inferential analysis. Additionally, collinearity of variables was assessed using the variance inflation factor (VIF) to determine if correlated variables are a concern in our regression model. The VIF for all variables was less than 5, which is considered a low VIF value. 49 Accordingly, all variables regardless of their domain (motor, cognition, or affective) were entered into the stepwise regression with an assumed entry of 0.05 and exit significance level of 0.10. Variables which entered the regression were the EDSS, BDI-II, FIS total score, 10MWT, 6MWD, 30s-CST, BBS, MOCA total score, the total time of the SDMT, the SDMT correct symbol at 90 seconds, and PSQI total score. Index of goodness of fit of each estimated parameter was calculated after the construction of the regression model.
Results
Data were collected from 70 patients with relapsing remitting MS (20 males, 50 females). Mean (SD) of age was 34.3 (9.4) years, while mean (SD) of FES-I was 31.2 (13.3) units (Tab. 1). Means (SD) of FES-I in fallers and nonfallers were 28.0 (11.3) and 42.4 (13.7) units, respectively. Fallers and nonfallers were significantly different in their FES-I score (P = 0.001). Overall, 65.4% of patients in the nonfaller group and 86.7% in the faller group were highly concerned of falling (ie, their FES-I score was 20 or more). Table 2 and the Figure, FES-I score correlated significantly with disease severity (ie, EDSS), disease duration, and the following motor and affective scores: 10MWT, 30s-CST, BBS,BDI-II, MFIS, and PSQI total score when the whole sample considered (ie, fallers and nonfallers). In the group of fallers, FES-I correlated significantly only with some of the motor scores, which included the following: 10MWT, 6MWD, and BBS (P<0.0125). In the group of nonfallers, FES-I correlated significantly with disease severity (P<0.01) and with the following motor (P<0.0.125), cognitive (P<0.025), and affective measures (P<0.017): 10MWT, 30s-CST, BBS, SDMT correct symbols at 90s, BDI-II, MFIS, and PSQI total score. Overall, no significant correlations were observed between FES-I score and age, gender, or education level.
As in
Considering the whole sample, the stepwise regression method found that only BBS, MOCA total score, and PSQI total score were significantly predictive of the FES-I (FES-I = 58.45 -0.53*BBS-1.2*MOCA+2.15*PSQI; R2 = 0.669, P<0.0001), accounting for 66.9% of the variability of the FES-I total score around its mean (Tab. 3).
Discussion
Levels of FOF in patients with MS in the studied cohort were high, with a mean FES-I score of 31.2. This mean FES-I score lies lower but close to the range of 34 to 36 that is reported in the MS literature. 25, 27, 50 In our study, 47 (67.1%) patients showed a total FES-I score of 20 or above, which, according a EDSS = Expanded Disability Status Scale: ranges from 0 to 10 with higher score indicates a higher level of disability; FES-I = Fall Efficacy Scale-International: ranges from 16 to 64 with a higher score indicates a lower performance; 10MWT = 10 Meter Walk Test, a higher score indicates a lower performance; 6MWD = 6-Minute Walk Distance, a higher score indicates a better performance; 30-CST = 30 second Chair Sit to Stand Test, a higher score indicates a better performance; BBS = Berg Balance Scale, ranges from 0 to 56 with a higher score indicates a better performance; MOCA = Montréal Cognitive Assessment, ranges from 0 to 30 with a higher score indicates better performance; BDI-II = Beck Depression Inventory-II, ranges from 0 to 63 with a higher score indicates a lower performance; MFIS = Modified Fatigue Impact Scale, ranges from 0 to 84 with a higher score indicates a lower performance; PSQI = Pittsburgh Sleep Quality Index, ranges from 0 to 57 with a higher score indicates a lower performance. b Fallers are defined as those who had two falls or more during the last year.
to a previously established cutoff point in older people, indicates individuals highly fearful of falling. 30 This percentage of patients with MS in our study who show high concerns about falling is also comparable to percentages reported in previous studies in patients with MS. [50] [51] [52] Interestingly, we found that patients with MS who were classified as nonfallers still had a high concern of falling. This was reflected by the mean FES-I score of 28 and the high percentage (65.7%) of patients within this group who scored 20 or more on the FES-I. This finding is similar to those of Nilsagård et al and Matsuda et al, 12, 52 who found that even patients with MS who had no previous falls reported concern about falling. This finding is important and suggests that frequent falls may not be the sole determinant of FOF in this population. Within this context, the significant correlations in our study between FOF and most motor, cognitive, and affective outcomes in the nonfaller group suggest that a combination of factors at different domains contribute to the high concern of falling in patients with MS who did not experience previous falls or who did not have frequent falls.
Unlike cognitive and affective outcomes, only motor characteristics were significantly correlated with FOF. These findings indicate that motor aspects such as balance impairments and reduced functional capacity dominate the risk of falling and accordingly FOF in the frequent fallers. It should be noted, however, that frequent fallers in our cohort were few (n = 18). Within this realm, an important consideration is the possibility that the nonfaller participants (ie, those who had no fall history or experienced only one fall) restricted their activities as a result of their FOF, thus lessening their opportunity to fall.
Restricting activities in patients with MS who did not experience a previous fall or who are not frequent fallers is documented. 52 Thus, extending this work to include a larger cohort of MS fallers and considering activity restriction as an outcome is warranted.
Overall a main finding of this study is that balance deficits, cognitive impairments, and sleep dysfunction are some clinical predictors for FOF in the studied cohort. In terms of balance, our data are consistent with the literature, as previous investigations found that worse FES-I score in patients with MS correlates with increased alterations in the spatio-temporal gait parameters and increased variability of postural sway. 50, 51, 53 This is an important observation as it suggests that intervening at a physical level by training balance in patients with MS would reduce FOF and eventually prevent future falls. As yet, very few studies have explored the effect of balance training on falls outcome in this population. 54, 55 Previous reports in older adults, however, indicated the potential positive role of balance training in reducing FOF. 56 Further studies in this field on people with MS are required.
In addition to balance, this study indicated that cognitive status as assessed by MOCA may predict FOF in patients with MS. The observation that MOCA did not correlate significantly with FOF but was a predictive factor suggests that the influence of cognitive deficits in this population becomes more apparent when it is combined with balance and sleep dysfunctions. Overall, these data are consistent with a previous study conducted on 100 patients with MS. 25 In the later study, significant differences were observed between fallers and nonfallers in some domains of cognitive functioning, particularly attention and verbal function. Additionally, positive correlations were noted between FES-I and different domains of cognitive functioning. 25 The exact mechanisms of how cognitive dysfunction contributes to FOF in this population have yet to be established. It can be speculated that cognitive dysfunctions specific to components of attention can be an underlying factor. In particular, it is known that attention is needed for dynamic postural control 57 and that postural control during walking gets more compromised in people with MS when more attentional demand is required (ie, under dual task conditions). 58, 59 This notion is supported by findings obtained from studies conducted in older adults with mild cognitive impairments in which attentional processing profiles were significantly different between those who exhibited FOF and those who did not. 60 Overall, this finding merits some consideration; cognitive-behavioral intervention combined with balance training which is effective in reducing FOF in other populations 61 needs to be considered in the MS population. Future studies to explore the effect of such interventions in people with MS are warranted.
In this study, sleep deficits were also found to predict FOF among patients with MS. This finding is consistent with previous findings in older adults in which sleep deficits were found to be
Figure.
Significant correlations between FES and other variables and their corresponding scatter plots are shown. Spearman's correlation coefficients (rs) and P values (P) are shown in the insets.
associated with increased risk of falls 62 and FOF. 4 A possible explanation for this observation is that poor sleep may indirectly increase FOF in patients with MS by mediating the effect on cognitive status and postural control. Previous research demonstrated that sleep deprivation is associated with a number of cognitive deficits, including attention, memory and rate of information processing, and reaction time. 63 Additionally, previous research demonstrated that sleep deprivation impairs the ability to adapt sensorimotor coupling while controlling posture with or without external perturbation, which is an indication of a noisier postural control system. 64, 65 Another possible explanation for this relationship is that poor sleep quality may indirectly increase FOF by increasing the fatigue level in individuals with MS. Many studies have revealed that poor sleep quality has a positive relationship with fatigue in MS. 66, 67 In addition, fatigue has been found to be independently associated with FOF. 8, 68 In agreement with previous studies, fatigue was found to significantly explain concerns about falling but to a lesser extent compared with other factors. Moreover, sleep was mentioned in the comprehensive ICF Core Set as one of the body functions that may be affected in people with MS. 69 71, 72 It should be noted though that a study by Gunn et al 71 found that sensory changes and vision did not predict falls in patients with MS despite the significant differences in scores between fallers and nonfallers in these items. Future studies, however, that include these factors are needed to confirm these results. Anxiety was found to be associated with FOF in older individuals. 72 Considering the high prevalence of anxiety in the MS population, 73 future studies are warranted to assess if anxiety is associated or predicts FOF in individuals with MS. 
